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HELIOTELLUS 


When the Earth’s axis is pointed to the 
north, it will continue so pointing throughout 
the revolution, and will be in the Ecliptic. 
The Earth rolls over from west to east, and if 
the Equator be continued to the sky, it will 
meet the Equinoctial. So with the Ecliptic, 
if continued, it will come near to the Moon, 
near to Mercury, near to Venus, and always 
to the Sun, for the ecliptic plane. 

I have now in my possession all the Heli- 
otelluses for sale, made with a set of tools 
costing $25,000, which tools were afterwards 
destroyed by fire. They were so accurately 
made that the Heliotullus cannot now be du- 
plicated for less than $250 each. The great- 
est impediment I find in their introduction 

vail ~ ; is the Tellurian, which makes a false show- 
ing of the heavenly movements. It is a device in which the Earth’s axis 
wabbles around the zenith and never points to the north. This is the 
greatest bearier to the ec mprehensic mn of this most sublime of the sciences. 
The Heliotellus shows so near the truth that it is not hard to comprehend. 
In high schools, seminaries, colleges, and all places of learning we 
find many globes and maps of the earth, but where can one be found 
having the Equator of the Earth so constructed that if continued it will 
meet the Equinoctial in the right place on the sky? Every child should 
have atruthful understanding of science. The Ecliptic should be cor- 
rectly understood. All instruments which show imperfect teaching are 
hurtful: those which teach correctly are useful. The one should be re- 
jected, the other sought for, and when found, should be prized even as a 
“pearl of great price.” Three hundred such I now possess, all perfectly 
made, and I now propose to sell two hundred at the reduced price of $20 
each, or for $65, the price of one, I will send four, each well packed in a 
strong box to carry by express anywhere. 


Address, HENRY WHITALL, 
Belvidere Seminary, Belvidere, N. J. 

















The Movable Planisphere, 
By HENRY WHITALL. 


The Movable Planisphere of the Heaveus is so graduated that every 
minute, when brought over any day, will show the visible Heavens, the 
sun and stars in their place, rising, setting, or in any part of the sky, all 
in one grand whole, not divided into parts, so difficult to patch together. 
None of the planets are marked, but an accompanying rule and the Al- 
mauac locate any one, or the moon, when by a prominent star, tell its 
name as well as when either will be together, so fully explained that 
most any child can with this key unlock the mystery of the changing 
sk y; being to astronomy what a map is to geography, or as a directory 
to the starry heavens, every minute, every day. 


U.S. Navan OxsservaTory, Washington, D. C. 
This is to certify that I have examined a Movable Planisphere of the 
Heavens, at every minute, by Henry Whitall, and that it can be relied 
Pe to convert mean into sidereal time, to within a very small fraction 
of a minute. 
Ws. Harkness, Prof. Math. U. S. Navy. 
Two in a set, sent by mail, to any address, on receipt of $6.00. 
Address, HENRY WHITALL, 
Belvidere Seminary, Belvidere, N. J. 





GALLE'S 


Catalogue of Comets, 


FROM THE YEAR 


1860 TO 1884. 


Translated from the “Astronomische Nachrichten” Nos. 2665 
and 2666, and re-printed from the 


SIDEREAL MESSENGER 


in pamphlet form. 
Single copies, - 50 cents. 
Three copies, = One Dollar. 
Address, 
WM. W. PAYNE, 
Carleton College Observatory. 








THE COSMOSPHERE. 





“PRIMARY PHENOMENAL ASTRONOMY,” 


By Pror. F. H. Barney, A. M., inventor of the Cosmosphere, illus- 
trated above, half covered; and of the Astral Lantern. The work is an 
able presentation of a very novel method of teaching Astronomy. It is 
written in an interesting style, and presents much that is novel besides 
the method of teaching advocated. It is attracting the attention not 
only of astronomers but of a wide range of scholars. 

Northville, Wayne Co., Mich., Jan. 1886. 12mo: paper, 104 pp. Mailing 
price, 25 cts. 





Astronomical Telescopes. 


Parties desiring Astronomical Telescopes of any size, or by any 
maker, with or without Equatorial Mounting, Driving Clock, and 
Circles, or with or without Observatory, will find it to their advantage 
to correspond with Post Office box 112 Camanche, Clinton County, Iowa, 
for low cash prices. 








Telescaye for Gale, MEN ANG we tae 


E. TYDEMAN, Linden St. Camden, N. J. 





Telasto f for vale A 4.8-inch clear aperture, portable, 
] « Equatorial Telescope for sale. Its focus 
is 70 inches Instrument is new and first-class in quality. 

Address, R. BROWN GANS, Brown’s Station, Mo. 
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CONDUCTED BY WM. W. PAYNE, 


Director of Carleton College Observatory, Northfield, Minnesota. 





“In the present small treatise I set forth some matters of interest to 
all observers of natural phenomena to look at and consider.”—GaLILKo, 
Sidereus Nuneius, 1610. 7 
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DESCRIPTION OF A PRINTING CHRONOGRAPH. 


PROF. G. W. HOUGH, Director oF DEARBORN OBSERVATORY. 


About the year 1848, the idea of recording astronomical ob- 
servations, by the use of galvanic electricity, was put in success- 
ful operation by different individuals. Since that time chrono- 
graphs of various forms have been constructed for recording in 
a legible manner, on a moving sheet of paper, the time of any 
phenomenon observed. The great superiority, in point of aceu- 
racy and saving of labor over the old eye and ear method, for- 
merly used, soon led to the general adoption of the new plan. 

The idea that type-wheels might be substituted for the mov- 
ing paper, and a printed record made, was long ago entertained 
by astronomers, and various plans were devised for accomplish- 
ing this purpose. 

In the year 1865, in a paper read before the Albany Institute, 
I gave an outline of a plan for a printing chronograph, radi- 
cally different from any that had been proposed. It was based 
on the principle of using separate systems of mechanism for 
the fast running type-wheel, and those recording the integer 
minutes and seconds. These two trains to be simultaneously 
controlled by the sidereal clock, and to be entirely independent 
of each other. 

In the year 1871 I completed a printing chronograph based 
on this method. 

This machine was in constant use at the Dudley observatory 
for three years, demonstrating the practicability of such an ap- 
paratus. 
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In this first machine the blow for printing was done by a ham- 
mer, elevated by a heavy train of clock-work, which made the in- 
strument somewhat unwieldy. The type-wheels were constructed 
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by soldering electrotype strips, on the rim of a brass disc, and 
required to be renewed once a year or oftener. I[n other res- 
pects the machine was entirely satisfactory. 
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About a year ago, I put in operation at the Dearborn observ- 
atory the printing chronograph about to be described. Since 
the machine was first set up, the mechanism has been modified 
in various ways in order to bring the instrument in as compact 
and convenient a form as possible. 

The accompaying wood-cut will aid in making a description 
of the machine intelligible. The relative size of the different 
parts may be inferred from the statement that all the mechan- 
ism rests on a table eighteen inches by twenty-four inches. 

First, the movement in the rear, consists of a system of 
clock-work, carrying a type-wheel with fifty numbers on its 
rim, revolving once every second; one, two, or parts of two 
numbers being always printed, so that hundredths of seconds 
may be indicated. 

This train is primarily regulated to move uniformly by the 
Frauenhaufer friction balls, and secondarily by an electro-mag- 
net acting on the fast moving type-wheel and controlled by the 
sidereal clock. This train is entirely independent, and can be 
stopped at pleasure, without interfering with the other type- 
wheels. 

Second, the movement in front consists of four shafts for 
carrying the type-wheels indicating the minutes and seconds. 
The motion of this train is also governed by an electro-magnet, 
controlled by the sidereal clock, operating an escapement in a 
manner analogous to the action of an ordinary clock; every 
motion of the escapement mdicating integer seconds, ad- 
vancing the type one number. There are three type-wheels, 
indicating minutes, seconds and hundredths of seconds. The 
integer seconds are advanced at every oscillation of the stan- 
dard pendulum; and the minute, at the end of each complete 
revolution of the seconds’ wheel. 

The type were cut on solid cast-brass discs, and will probably 
wear as long as other parts of the mechanism. 

Third, in the right hand end of the front movement there 
are three shafts, for moving the paper fillet, on which the 
record is made. 

The large electro-magnet operating the printing hammer is 
seen on the left, directly under the hammer-arms is the spool 
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of paper. When the machine is ready for use the end of the 
paper is drawn over the tops of the type-wheels, and passed 
between the brass rollers between the two movements. 

The train for moving the paper is unlocked by an electro- 
magnet whenever an impression is made, or it may also be 
unlocked independently by a duplicate observing key so as to 
leave a blank space of any desired amount between the records 
for different stars or groups of wires. 

The paper fillet is two inches in width, and the spool will 
hold about forty feet — sufficient for 1200 observations, includ- 
ing the spacing for different objects. 

The type are inked by means of small rollers covered with 
cloth, resting against their rim, and revolving with the wheel 
by friction. These rollers require inking every two or three 
days. The inking rollers, however, may be dispensed with and 
impression ribbon used instead, but it is not nearly so handy, 
and besides requires a heavier blow to get a good impression. 

The blow for making the impression is struck by means of 
the electro-magnets of one ohm resistance. The hammer-arms 
are flexible. When the armature is pressed down without 
striking a blow, the hammers stand about one-half inch above 
the type. The impression is therefore made from the spring of 
the arms and not by a direct blow. 

By this device, which is regarded of the greatest importance, 
the motion of the type-wheel is not disturbed an appreciable 
amount. None of the type-wheels are stopped in the act of 
printing. 

If the record is made while the type-wi:eel indicating integer 
seconds is in the act of escaping, two numbers, or one number 
and part of another, is printed, so there is no ambiguity; this 
condition, of course, only occurs when the hundredths of sec- 
onds’ wheel indicates 0.96 to 0.02 seconds. If two integer sec- 
onds are printed when, for example, the hundredths read 0.98 
the smaller number is the correct one. 

The battery for operating the printing magnet consists of 


three storage cells, charged in series, by means of eight gravity 
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elements. The charging battery is kept permanently connected 
with the storage cells. By means of this compound battery, 
there is always sufficient current to operate the recording and 





printing chronographs, at the same time— as well as an electric 
bell — in all eight pairs of electro magnets. 

The storage cells each consists of two lead plates, four by six 
inches, coated with red lead, and hung vertically in a glass jar, 
containing dilute sulphuric acid. The lead plates may be kept 
in constant use for one year without renewal. 

Aside from the printing magnet, the electrical power re- 
quired is essentially the same as for a recording chronograph. 

The printing magnet might be operated with three Grove 
cells or their equivalent. 

The machine is readily set to indicate the time given by the 
clock’s face. 

The hundredths-of-seconds wheel needs no adjustment as it is 
permanently set to print zero, when the connection is made by 
the clock pendulum. 

The integer seconds are set with the clock by rapidly opera- 
ting the escapement by hand; and the minute wheel may be 
moved in either direction. 

It requires about two minutes to get ready for observing, 
including the preparation of the inking rollers. 

In observing some stars with our first machine, it was found 
advantageous to set the type to print directly the nearest in- 
teger seconds of mean right ascension so that the final reduction 
was always a small quantity. 

During the construction of the present machine, a great 
many experiments were made to ascertain the probable error 
due to our method of control. For this purpose the standard 
mean time signal clock was arranged to operate the printing 
magnet once each minute. By this means the comparison 
between the sidereal and M. T. clocks was made for every part 
of the second. The difference between two successive records 
and 0.164 second gave the errors of any impression. 
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By employing an ordinary train (similar to that used ina 
cheap clock) for driving the hundredths-of-seconds’ wheel, the 
“mean” error was about +0.03 second, and the maximum pos- 
sible error +0.08. This train was so imperfect that it was nec- 
essary to make it gain 0.20 second in every second in order to 
carry it over the hard places. The train now used, is ordinary 
gear, accurately cut but not polished. The “mean” error is 
found to be +0.015 second with a possible maximum error 
+0.05 second. 

In order to secure the best possible results, the train for driv- 
ing the hundredths-of-seconds’ type-wheel should be as accu- 
rately constructed as that used for an astronomical clock, then 
the “mean” error would be less than +0.01 second and the 
maximum possible error would not exceed +0.03 second. 

The theory of control, for securing hundredths of seconds, ig 
as follows: A train of clock-work is regulated, by any suitable 
device to run with approximately uniform velocity, but always a 
little fast; the final control is then secured by an electro-mag- 
net, checking its velocity once every second. The whole train 
may be checked, or only the type-wheel shaft, the latter being 
driven by friction. 

By employing the first method the probable error of any 
impression is a little less than for the latter. 

When the whole train is regulated, however, and it is stopped 
by design, it may require several seconds for the type-wheel to 
come in coincidence with the sidereal clock, whereas when the 
type-wheel shaft is driven by friction only, the coincidence will 
be secured in one or two seconds. 

The train for carrying the integer minutes and seconds’ type, 
will run about ten hours, without winding, requiring a weight 
of seven pounds, single cord. The train for running the paper 
fillet requires about two pounds weight, single cord. The train 
for hundredths of seconds will run one hour and forty minutes 
and requires a weight of fourteen pounds, single cord. 


The saving of time and labor by the use of a printing chron- 
ograph is very considerable. 
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In an observatory when systematic meridian work is done, 
the saving in labor for a single year, would probably amount to 
more than the cost of the machine. 





THE STATIONARY METEOR SHOWERS. 


W. F. DENNING, BristoL, ENGLAND. 


For The Messenger. 

Before proceeding to quote facts bearing on the stationary 
radiation of meteors, I wish to refer to the interesting remarks 
of Mr. 8S. J. Corrigan in the Messencer for April, 1886. 

The mathematical treatment of the question by your able 
correspondent does not effectually dispose of the difficulty or 
clear up the mystery involving it. If, as assumed, parabolic or- 
bits are truly representative of the meteors forming these 
alleged stationary radiants, then such meteors (encountering 
the Earth on widely different dates) must necessarily exhibit, as 
he proves, a very great dissimilarity of orbit and can have no 
physical correlations. For the date (= node) is of equal im- 
portance with the radiant and parabolie meteors emanating from 
the same apparent focus on the star sphere at different epochs, 
possess no affinity other than a mere coincidence in their ob- 
served directions. If parabolic motion is really applicable to 
the bulk of visible meteors, then the idea of stationary radia- 
tion is not tenable for a moment. But the general adoption of 
a parabola in computations of meteoric orbits is based on an 
assumption. There are large discordances and errors in esti- 
mating the durations of meteor flights and the form of orbit, 
which is inferred from this, is also open to very grave doubt. 

In the instance of the special showers from near ¢ Persei, R. 
A. 61.°8, Dec. 36.°8-+-, quoted by Mr. Corrigan as a case in 
point, the observations of the meteors of 1872, August 10, and 
1869, November 6, are very uncertain as to this important fea- 
ture of duration. The time of flight for the former was roughly 
estimated by one observer only as 0.5 second, but in the latter 
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case there is still great reason for doubt. Prof. HerscHEL 
adopted 5 seconds as the probable observed velocity from a 
mean of two observers who gave 4 and 6 seconds respectively; 
but there is strong evidence this is much overrated. Mr. J. 
CuHapMAN at Broadstairs in Kent observed the fireball and al- 
ludes to “its very rapid motion,” adding, “the whole scarcely 
occupied 2 seconds.” Mr. T. Huwpurey, at Hawkhurst, re- 
marks: “I particularly noticed the extreme rapidity of the me- 
teor’s flight. My own description of the meteor as seen at 
Bristol was that “it glided swiftly down the sky” and “its dura- 
tion could not have exceeded 2 seconds.” I remember this fire- 
ball well. It descended with great suddenness, flashing out at 
the end point with marvellous brilliancy and projecting a vivid 
streak near 7 Serpentis for fully fifteen minutes. From these 
and other accounts its visible duration of flight must have been 
nearer one than five seconds. Were the latter accurate the 
meteor would have fallen very slowly, whereas several of the 
observers concur in their expressions as to its extreme swift- 
ness. The length of course in the atmosphere traversed by 
this body being about 175 miles, its real velocity was probably 
more like 100 miles per second, than the 26 miles per second 
which a parabolic orbit gives. These facts destroy the weight 
of the comparisons made by Mr. CorriGaN on the basis of a 
parabola, the observed rate of motion being quite inconsistent 
with that form of orbit. It is most unfortunate that the dura- 
tions of meteors cannot be estimated (unless in exceptional in- 
stances) within small limits of error, and that no plan seems 
available to insure greater accuracy. 

I will now proceed to state some facts bearing on stationary 
radiants. When, ten years ago, I began habitually recording 


meteors, I found a number of showers in lingering activity for 
several months. Further observations only confirmed the idea 
and multiplied the cases of such persistency. I then made a 
special effort to trace whether the radiant points of each of 
these cdntinuous showers remained absolutely stationary, or 
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whether, the successive displays showed displacement such as 
must naturally occur in systems grouped together by mere 
chance. I ultimately found that such displacements as were 
apparent merely resulted from unavoidable errors of observa- 
tion and that allowing for these, the places of radiation become 
fixed points in the firmament. Certain regions were vacant of 
showers,while other points again and again became the well de- 
fined centers of convergence. Not satisfied with my prior results 
and realizing the serious theoretical impediments to their adop- 
tion, I instituted another series of observations, but utterly 
failed to shake my former convictions. My paper, printed in 
the Monthly Notices for December 1884, contained the more 
prominent facts observed in relation to the stationary showers 
and since that was written I have again practically tested the 
question. From 1334 meteors (omitting Perseids of August 10 
and Andromedes of November 27) which I observed with the 
utmost care during the last 9 months of 1885 I found additional 
corroboration of the long-enduring streams. It is unnecessary 
for me to quote many details here, but I adduce a few conspicu- 
ous examples of these presumably stationary showers with the 
hope that they will form the materials for rigorous criticism 
and discussion and that some light may be thrown on the ques- 
tion. 

Since my results were published in December 1884, I have 
carefully sifted and in part revised my observations. I have 
also added others and derived the radiant points either from the 
records of a single night, or from very limited periods as Colonel 
TupMAN once stated, that fixed radiation would disappear 
under such treatment. The sequel proves however that it be- 
comes more strikingly evident. For the present I only sum- 
marize five series of positions relying solely upon my own 
observations. 
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I. NEAR MU PERSEI. 


EPOCH. RADIANT. VELOCITY. 
R. A. Dec. 

Bs SEG Gy Set BRE OO 8 o6 iO” 66 2RTEED ones snie Soesincueaens slowish. 
Br EG FS on os see ccewenad DO cc Gon tow acca swift, streaks. 
oe A | a a re a |. near swift, streaks. 
OS) a re es ic Ore oneeiaceswee swift, streaks. 
1885 September 5............... SR rae te ocr swift. 
BOs 1 SSOMROMADOE 6,6. ois see ies REE otis SPD avon ei slasisaesraate need swift. 
oe ees, ae - . anne rer ree eer swift. 
1879 September 21.............. BE ino ee ov cseine Me aaineneeeny swift. 
oo A TS ee): ers: - | ae eee rs very swift. 
B19 COORODOE Os 656 a ssi nee canes G8 #5. ca aohkcaee seen very swift. 
CUI oo Groce o3% sd AI ew SORE oS cw eb eee e gee Hane swift 
1877 November 4............ eS Ser ea reer ie ee swilt. 
PIII sli ace Wal CEP > woe os wane ae aw mre swift. 
1885 November 30. Pe at ht vee BO Eee eeonisaesesedsr very swift. 


In January 2, 1886, I shenrved several rery sivift meteors 
from 62° +47°, but clouds came over before I could secure suf- 
ficient paths to accept the radiant with perfect safety. The re- 
markable facts in connection with this recurring shower are the 
nearly identical positions of its radiant and the great and sus- 
tained velocity of the meteors. Parabolic elements will not 
satisfy the very swift motions observed at the end of November 
and also probably in Jauuary. 

II. NEAR EPSILON PERSEI. 


EPOCH. RADIANT. VELOCITY. 
R. A. Dec. 

1879 August 21, 22, 23 and 25.... 62°....+35°........ very swift, streaks. 
THOT BE BO eons icc cca scnces ee. | rae ....8wift, streaks. 
1885 September 3........ ee ee | rT ae 
po 885 § September 5.............. 60 ....+35 .... ........ swift, streaks. 
a OOMEMDEE OS ...6..5 -sesccee ERIE. earners swift,streaks. 
ye Li a is Se Giant oh swift, streaks, 
1885 September 8,9 and 10 ...... Se he keene kee swift, streaks. 
1877 September 15 and 16... ... re | ner ....8wift, streaks. 
1885 September 17 .............. ee EN ee swift, streaks. 
1879 September 20 and 21........61 ....+38 ............. swift, streaks, 


[ have not seen this radiant well-defined in October though 
both in November and December it apparently resumes a marked 


activity. On November 4, 1877 it formed a conspicuous shower. 
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During the month from August 21 to September 21 the display 
is a notable one, and furnishes many brilliant meteors of the 
swift streak-bearing class similarly to the Perseids of August 
10. 

Ill. NEAR BETA TRIANGULI. 


EPOCH. RADIANT. VELOCITY. 
R. A. Dec. 

IO ONT O05 csiicctntsccseneead Se tae PO aaa cence swift, streaks. 
PE BO ie nans cedeovssewon a ome a caskecs guess swift, streaks.. 
POU POO ot oh ccs cdeweeace eT: | eee ee swift. 
1884 August 25.................00 ....4864............ swift, streaks, 
1879 September 15 ........ 2.2.4. OE 2 PEE ee © slowish. 
ESle WOMOMINOE Bl. 25k cswcasses OE nkccm PO hcadces slowish, long paths. 
re CREE Se no ics eb scances re swift, short paths. 
ISG Cotover TG... so sce a ccccewees Mer capt Kawa waa caldasaees swift. 
IDCt NOPOMDOE Binks cece icadons DOF kcS=EOE. bok edaneceeeawees slowish 
Le ae ee rer See very slow, trains. 


Here we see the same coincidences of position, but there is a 
tendency in the later showers to yield slower meteors. In July 
and August they are swift and often generate streaks, but the 
meteors from this radiant early in December are very slow and 
evolve trains of sparks. It is almost certain that different sys- 
tems give rise (in this instance) to the recurring radiant, though 
how is it possible to explain their close agreements of position ? 


IV. NEAR GAMMA PEGASI. 


EPOCH. RADIANT. VELOCITY. 
R, A. Dec. 

po Sa re esa Os | PEO TE very swift, streaks. 
Ls | na / re | | ane very swift, streaks. 
op. | ee eR >: emer 
Blo AMMUSE Be sc. ce ccdacccnacas 5 ....+17 ..slow (radiant estimated.) 
RE I 6 5.6 5.Saie bec e Se eeek 5 ....+10 ....slow, bright and short. 
1885 September 15 ............... eo) CeCe re slow. 
1884 September 22 ............... | SR, 5 | ge ane Pe slow, short. 


This radiant in July furnishes very swift meteors, but during 
the two ensuing months I have invariably registered them as 
slow. The place of radiation is, however, well-defined and 
closely accordant. Position on August 22, 1879, evidently 6° 
too far north. 
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V. NEAR ALPHA ARIETIS. 


FPOCH. RADIANT. VELOCITY. 
R. A. Dec. 

BOT SUNT OO. voc co od deGwawiaes | ingame) | UE Reem oar Ree swift, streaks. 
DEC Ge |) BAS ccs, SA eo hraascriaiereeatet swift, streaks: 
1879 September 21.............. i. | Lee eT slow, trains. 
Cy a irr PM |. ee eee eater slow, bright. 
Bere Coctone® 36. .kc osc cece cece «> eee ae swift, bright. 
BBV NOWOINUEY 1 occ ccddsece use Oe) s:d:5 RO seh alatestere de Mew anaes swift. 


In this case the observed velocities are variable though the 
radiant reappears from nearly the same point during several 
months. 

Speaking generally of these five showers I may say I have 
observed them on many other dates to those indicated, but the 
paths secured were too far to give certain radiants. With every 
increase of observations the same points became determinable, 
on additional nights, so that the epochs quoted are to be con- 
sidered as representing those only whereon they have already 
been noticed to the best advantage. I believe that with greatly 
extended observation these showers will be discovered to be 
continuous, though sometimes affected by curious lulls and oc- 
casionally by conspicuous outbursts. 

I have recorded several thousands of meteors in the region of 
Perseus and surrounding constellations and two of the best 
permanent radiants are near » and « Persei. Again and again | 
see meteors falling from the points 60.°5 +48.°4 and 61.°3 
+36.°8, which are the average places of the showers I and II 
in the foregoing summary. I have never discovered a single 
radiant lying about midway between the two. In regard to the 
system marked III it is strange the meteors always come from 
the same point, 2° north of # Trianguli. There are no show- 
ers closely southeast or west of that star. The same persistency 
is found in the two remaining instances (LV and V) where the 


paths invariably converge upon points 5° southeast of 7 Pegasi 
and 5° south of « Arietis, respectively, and never from the re- 


gion near. 


In selecting these positions as examples, 1 have purposely 
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given several which supply meteors apparently moving slower 
as the radiant recedes from the apex of the Larth’s way, though 
such meteors are calculated to uphold the theory of parabolic 
motion. I might readily have quoted only those instances in 
which the radiants yield very swift meteors at every successive 
display, but I have no desire to prejudice the question by giving 
undue prominence to materials which are not fairly representa- 
tive of the true state of things. I have also omitted for the 
present the positions of showers deduced by me from the obser- 
rations of continental astronomers, because a man can only 
place implicit confidence on what he has seen with his own 
eyes. As to the radiant near < Persei I have only quoted my 
observations from August 21 to September 21 and my intention 
is to thoroughly investigate the display during that period, for 
if it can be conclusively proved that the radiant point is 
continuous and stationary for thirty-one days, there is no 
reason why it may not present the same aspect during a much 
longer interval. To re-examine the whole matter would require 
an immense amount of assiduous labor; it becomes therefore 
necessary to narrow it down by selecting certain well-defined 
instances for close and critical study. 

I contend there is some important meaning in this observed 
clustering together of radiant points. If existing ideas fail to 
explain it some others must be adopted that will; for theoreti- 
‘al objections cannot absolutely and finally negative a demon- 
strated fact of observation. In the present instance I do not 
assume the evidence amounts to demonstration, but believe a 
fair case has been made out for future investigation. The 
question ought to be thoroughly examined observationally. 
Hitherto the opposition has been solely geometrical. No one, 
so far as I have learned, has watched the sky for a single hour 
to test the validity and accuracy of the results brought forward. 
Yet it is only by patient scrutiny of the heavens that the 
matter can be settled, because everything depends upon the de- 
gree of reliance to be placed on recent observations. The 
mathematical difficulties in the way of accepting stationary ra- 
diant points are ample, and it would appear insurmountable. 
They have been clearly expounded on several occasions by those 
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well qualified to speak with authority. But, notwithstanding 
this apparent antagonism of observation and theery, the ob- 
served facts have not been controverted and still possess consid- 
erable significance. They will doubtless be elucidated by future 
observers who will obtain more complete and exact materials 
than any hitherto recorded. If fixed radiation is a false effect, 
further observations are capable of showing it in that charac- 
ter, but if it is a real feature then the most elaborate arguments, 
or refined mathematical objections, cannot obliterate it from the 


sky. 





ON PERSONAL ERRORS IN DOUBLE-STAR OBSERVATIONS. 
H. C. WILSON, CrncriNNATI OBSERVATORY. 


For the Messenger. 

The measurement of the position angle and distance of the 
com ponents of a double-star is, apparently, a very simple opera- 
tion, yet it requires great care and practice to render this sim- 
ple operation free from the effects of systematic errors. Neg- 
lect of the proper precautions to detect and avoid such errors 
has doubtless rendered the measures of the majority of double- 
star observers almost entirely worthless as data for computing 
the orbits of binaries. Accidental errors and mistakes are of 
little consequence, for their effects may be easily eliminated by 
the method of least squares, but where the errors follow regu- 
lar laws this method is of no use. 

Instrumental errors may be eliminated by proper methods of 
observing. The general rule applying to such may be stated as 
follows; in each measure move the parts of the instrument 
employed alternately in opposite directions, so that an error in 
one direction shall be balanced by an equal error in the oppo- 
site direction. To illustrate this rule let us refer to the dia- 
grams, figure 1 and figure 2. In figure 1 let the parallel lines 


a b represent the threads or wires of a filar micrometer when 


placed in the true direction of the lines joining the centers of 
the stars. Now suppose the micrometer to be turned out of 
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this position several degrees in either direction, say toward 90°, 
and to be brought back slowly. The wires will appear to be 
parallel to the stars too soon, and the reading of the microme- 
ter will be taken at a’ J’. Similarly, if the wires be brought up 
in the opposite direction, the reading will be taken a” b’. The 
position angle a’ L' will be too large and a” b° will be too small. 





Fig. 1. Fig. 2. 





Fig. 3. 





Fig. 4. Fig. 6. 
The mean of the two will be nearly correct. If an observer is 
in the habit of turning the micrometer in only one direction 
his position angles will always be too great or too small. The 
deviation will be systematic, varying with the distance between 
the stars and perhaps also with the angle. 


In the measurement of distance an error in the biseetion a’ b 


Sa nS a a 


4 
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(fig. 2) when the wires are brought toward each other will be 
offset by an equal error of the opposite sign when the biseciion 
is made by separating the wires, a’ b’. The usual method is to 
measure the double distance by moving one of the micrometer | 
wires past the other, making a bisection in the same direction 
on each side. At the Cincinnati observatory the practice has 
been to measure two double distances with opposite motion of 
the screws. 


It is not so easy to dispose of errors which are purely personal 
or optical in their nature, for their causes and the laws which 
govern them are unknown. The existence of such errors ad- 
mits of no doubt, for if we compare the measures made by the 
most eminent observers we shall find striking differences even 
where the stars exhibit no signs of change. The renowned 
English astronomer Dawes, soon after he.began to measure 
double-stars in 1830, discovered a tendency in his own eye to 
“obtain a different result in position when the line joining the 
centres of the stars was nearly parallel to the line joining the 
centres of the eyes, from that which was obtained when these 
lines were nearly perpendicular to each other; and a still more 
decided difference was found to prevail when those lines formed 
a very oblique angle.”. He sought to overcome the difficulty by 
attaching a prism to the eyepiece between it and the eye. By 
this means the stars could be placed at any desired angle. He 
confined himself however to the vertical and horizontal posi- 
tions. It has been objected to this method that the use of the 
prism would cause loss of light and impaired definition and 
might thereby introduce serious errors of a different sort; but 
Dawes, after using it for forty years, regarded the objections as 
unfounded. I am not aware, however, of any other observer 
who has made regular use of the prism. 

The great double-star observers, W. StrUVE and DemMBowskI, 
also recognized the possibility of such errors in their measures. 
They always observed with the head vertical. W. Srruve, by 


means of observations of artiticial double-stars convinced him- 
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self that his constant errors were insignificant. O.Struve, the 
son of the last named astronomer, has given in the Pulkowa 
Observations, Vol. 1X, a most complete investigation of his own 
large systematic errors,as derived from a great number of obser- 
vations of artificial doubles. He has also investigated the devia- 
tions of several other observers by comparison of their observa- 
tions with his own corrected results. He confirms his father’s 
conclusion in regard to the angles, but shows that his father’s 
distances were subject to large deviations. The same was found 
to be true concerning the measures of DemMBowski. No ob- 
server was found to be entirely free from systematic errors. 

The results obtained by the method of artificial doubles have 
not, however, been received with entire confidence by other as- 
tronomers. The chief objection to the method is that the cir- 
cumstances under which terrestial and celestial observations are 
made are very different; especially the circumstance that in the 
case of an artificial double the telescope is at rest and the stars 
may be bisected separately, while in observing actual doubles it 
is necessary to keep the eye upon both stars at the same time, 
because of irregularity in the motion of the telescope. 

DembBowskI, a short time before his death, proposed to test 
his personal errors by observing a number of cireumpolar dou- 
bles at different distances from the meridian. He prepared a 
list of twenty-four stars, having no sensible motion, which he 
proposed to observe, on an average, five times each in each of 
the twenty-four hours of star time. Thus each star would be 
observed throughout the whole 360° of angle with the vertical. 
This method is undoubtedly the best which has been proposed, 
but involves such an amount of additional labor, especially 
where the regular work of the observer is in the opposite part 
of the sky and the dome is difficult to manage, that very few 
would be able to use it. According to a statement by Dr. Do- 
BERCK (The Observatory, Vol. II, page 217) the astronomers, 
Struve, Duner, Hatt and WINNECKE were to join DemBowskI 
in his investigation. Whether any of them has carried out the 
plan to any extent [ have not been able to learn. 
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At Cincinnati the observers under Professor Stone's direction 
always inclined the head so that the line joining the eyes 
should be either normal or parallel to the line joining the cen- 
ters of the stars. Professor Stone has given a careful investi- 
gation of the results obtained by this method in the introduc- 
tion to No. 5 of the Publications of the Cincinnati Observatory. 
This method probably eliminates one cause of error, viz.: the 
oblique angle between the stars and the line joining the eyes, 
but introduces another, quite as serious, depending upon the in- 
clination of the head. At the same time it furnishes the means 
of determining the amount of the deviation, produced by this 
cause, directly from the observations. This is true at least con- 
cerning the angles. In regard to the distances I am not so 
sure. 

Suppose the line joining the centers of the stars to make an 
angle of about 45° with the vertical as in fig. 3. The true di- 
rection of the wires when placed parallel to the line joining 
the stars will be a}. For the normal measure of position an- 
gle, the head must be inclined 45° to the left. To do this re- 
quires an effort and causes an unequal strain upon the muscles 
of the neck which is perhaps communicated to the muscles 
that control the eye. The result is the eyes seem to be normal 
to the stars too soon and the wires will be set at nn. For the 
parallel measure the head is inclined 45° to the right and a sim- 
ilar effect is produced but in the opposite direction. As the in- 
clination of the head is the same in both cases the amount of 
the deviation should be the same in each direction and the mean 
of the two measures should give the true angle. Again, sup- 
pose the angle with the vertical to be 0° as in fig. 4. For the 
normal measure the head is in the natural position, and there 
seems to be no reason why the measured direction should not 
coincide with the true direction ab, if the wires be brought up 
alternately from both sides. In the parallel measure, however, 


one can easily see that a very large deviation may be produced 
by the great inclination of the head, and that the deviation 
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will be plus (pp), or minus (p’p’), according as the head is 
turned to the right or left. If readings are taken with the 
head inclined in both directions the difference will give twice 
the error. 


(To be Continued.) 





OBSERVATIONS AT WILLET’S POINT. 


ALICE MAXWELL LAMB, WasHBURN OBSERVATORY. 





The results of the astronomical observations taken in 1885 at 
the field observatory at Wiillet’s Point are announced in the 
Printed Orders No. 3, dated February 15, 1886. The observa- 
tions for latitude with the Wurdemann and Lingke instruments 
were continued during 1885, as in former years, with the fol- 
lowing results: 


Wurdemann (371 observations on 81 pairs)............ Lat. 40° 47’ 21."35 
Lingke (193 observations on 61 pairs)................. Lat. 40 47 21. 75 
Grand mean giving observations and instruments equal 

WOME Sea arta a Soe aca Kone seen Lat. 40 47 21. 49 


The following table gives the results for the various years: 
fan] Lo] * 


Transferred from old observatory...............200- Lat. 40° 47’ 21."70 
In 1880 (326 observations on 84 pairs)............... Lat. 40 47 21. 59 
In 1881 (591 ’ I eben lovin gacte ers Lat.40 47 21. 47 
Tn 1882 (235 - git Mia) Proce e oe Lat.40 47 21. 37 
Tn 1883 (497 “ ee  avacedvaatears Lat. 40 47 21. 15 
In 1884 (523 se A OO axes dalrenecdel Lat. 40 47 20. 75 
Tn 1885 (564 = oo ee Wakeseensssunes Lat. 40 47 21. 49 


As will be seen, the sequence of the results of the years, 
1880-4 which seemed to indicate a systematic change of latitude, 
is interrupted by the result for 1885, this result being practically 
the same as that for 1881. 

Out of curiosity, and at the suggestion of Professor HoLpEN, 
I have combined the 1885 observations of the well determined 


pairs of stars (those designated as AA and AA, AA and A, 
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AA and B, A and A, or A and B) and found the mean of the 
results of the observations of such stars for each instrument. 
The mean results thus obtained are as follows: 
Wurdemann (163 observations on 38 pairs)............ Lat. 40° 47’ 22.”00 
Lingke (80 observations on 30 pairs).............2006- Lat.40 47 21, 51 

No one pair of stars was observed consecutively in each of 
the years 1880-1885, and it is thus impossible to completely 
summarize the results by pairs as well as by instruments and 
years. The same pairs were observed, however, to some extent 
at least, in the years 1880-1884. The following tables show 
the relation between the results of observations of well deter- 
mined stars in the different years. The results for the first 
five years were taken from the SipEREAL Messencer for July, 
1885, 

TABLE I. 


Summary of Observations of Well Determined Stars with the Wurdemann 
Instrument in the Years 1880, 1881, 1882, 1883, 1884, 1885. 




















“Year. ~ Seconds of Latitude. ay ae ~ Residuals. 
1880 21.37 [14] —0."29 
1881 21.77 20] +0. 11 
1882 21.64 28 —0. 02 
1883 21.37 [34 —0. 29 
1884 19.76 [22] ~1, 90 
1885 | S00 flea} +0. 34 
Weighted mean of the above results.............|. ore F = 
TABLE II, 


Summary of Observations of Well Determined Stars with the Lingke Instru- 
ment in the Years 1881, 1883, 1884, 1885. 

















Year. Seconds of Latitude. Residuals. 
1881 21.31 fr | +0. "08 
1883 | 21.29 [71 +0. 01 
1884. 20.99 tso{ —0. 29 
1885 21.51 (80) 0. 2 
Weighted mean of the above results......... wiaisie a cinsalesSley 21. 28 





The evidence of the tables seems to be rather against a sys- 
tematic change of latitude at Willet’s Point, but the results of 
future years will be awaited with interest. 

April 26, 1886. 
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EDITORIAL NOTES. 





So many valuable communications are already in hand that 
a number of the MessenGer will be published for July. 





Carleton College Observatory has recently received a new 
spectroscope made by Messrs. FautH & Co., of Washington, 
D.C. It has a Rowland grating, ruled by BrasHear and is 
adapted to the CLARKE Equatorial. 





The Vanderbilt University Observatory, Nashville, Tennessee, 
has secured one of WARNER & Swasey’s fine chronographs after 
their new pattern. 





Comet 1882 II.—From the observations of the Great Comet 
of 1882, given on page 198 of the “Washington Observations 
for 1882” (just issued) it appears that the constant correction 
required to the transit circle north polar distances which were 
published in Appendix I for 1880 (page 34) amounts to +1."7. 
This is the correction “Ag+ Az” referred to in the appendix 
mentioned, and applies to the 1882 observations only. w. c. w. 





Comet Discovertes.—The exact date of the discovery of Mr. 
Broox’s two comets of this year (as announced in Science Ob- 
server Circular 66) is rendered uncertain, in the transmission 
(apparently) of the news from Rochester to the Harvard Col- 
lege Observatory. A similar trouble occurred last year, and it 
seems to be a source of needless inconvenience to those who 
are trying to keep a list of new comets. The actual date of 
discovery should be specifically stated in the telegram. w.c. w. 





Comer Barnarp.—This comet was observed here on the 
morning of May 17. It was low in the smoke of the city, and 
the moon was full, but the comet was pretty bright in the tele- 
scope. The tail was faintly suspected, pointing slightly north 
of following. There was an ill-defined hazy nucleus. 

E. E. BARNARD. 

VANDERBILT UNIVERSITY OBSERVATORY, May 18. 
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OBSERVATIONS OF THE COMPANION OF Sirius. ‘At the re- 
quest of Professor Youne I send you the measures of the 
companion of Sirius, which have been made at Princeton dur- 
ing the past three years. All except‘? were made by Professor 
Young, “7” was made by Mr. McNetiu. Observations “e” and “f” 
were made with the 94-inch glass. All the others were made 
with the 23-inch. The magnifying power used was 460 in 
most cases, 790 was used once, and 300 several times. During 
the present year the companion has been quite a difficult object 
except when the seeing was good, and there have been fewer 
good nights than usual. 














| 40 j 
| Pos , | 
Date. | ng Shinto! Distance. | Number. 

Angle. | 
__« 188,105 | 39.90 |B | ra | 
| ae | ae ft a 8. 88 4 
° 1884. 267 | e.7 | 8 | 8. 75 12 
d | 1884,280 38. 0 5.) 8.2 10 

e | 1884.286 35. 1 5 | | 
_f | 1884.286 | 35. 3 5 8. 26 6 


Mean position angle 1884.273, 36.°30. 
Mean distance 1884,270, 8."70. 
































gy 1884.929 | 34.9 | 4 | [8. 62] 4 
h 1884.929 eS | 4 
z 1884 .929 8. 01 4 
k 1884 .932 35. 1 4 8. 19 8 
i 1885 .031 33. 6 10 8. 07 8 
m 1885 .201 33. 9 6 8. 01 8 
n 1885 .225 33. 8 5 8. 11 8 
0 1885. 231 33. 5 6 8. 22 8 
__p___|_1885.234 | 33. 6 6 8.14 | 8 
Mean position angle 1885.112, 34.°06. 
Mean distance 1885.089, 8.09. 
q 1886 .036 30. 7 > | 3 8 
r 1886 .039 30. 7 6 7. 46 10 
s | 1886.042 27. 4 3 
t | _1886.072 30. 3. 6 7. 54 8 
Mean position angle 1886.047, 29.°77. 
Mean distance 1886.049, 7.59. 
MALCOLM MCNEILL, 
Princeton, N. J., May 11, 1886. Asst. Prof. Astronomy. 
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Tue Rep-Srot on Jupiter.—In the April number of the 
Observatory, Mr. DENNING calls attention to the fact that the 
red-spot is now connected with a belt on the south side, and 
expresses a hope that Mr. Prrtcwett and myself will be able to 
see it. 

Some two years since I incurred criticism from Mr. DENNING, 
for asserting, that it was entirely erroneous, that the red-spot 
had become “ merged into a belt.” 

Subsequently, in connection with this subject, the relative 
seeing qualities of large and small telescopes, was pretty thor- 
oughly discussed by prominent astronomers. It seems hardly 
worth while to continue the discussion, but perhaps a few 
remarks may not be out of place. 

During the month of April of the present year, the belt to 
the south, approached very close to the red-spot on Jupiter, so 
that with a low power or indifferent seeing, one might imagine 
that the spot was jomed to the belt, but when the seeing was 
favorable, with a power of 300 or upwards, it was seen to be 
separated by a narrow line of light, so that the outline of the 
spot was sharp and well-defined. In other words, it did not 
touch the spot at any point. In this connection Mr. DENNING 
speaks of using powers of 200 and 300. I think most observ- 
ers will agree with me that this is not sufficient optical power 
to settle any disputed point. 

In my work on Jupiter I never use so low a power as 200, 
because it is not sufficient to show detail. When the seeing is 
so bad that 300 cannot be used, I consider the observations of 
no value. 

In the January number of Monthly Notices Mr. DENNING 
has given sketches of the red-spot, for different years. On 
February 6, 1884, he has a belt hooked on the following end of 
the red spot, and on February 25, 1885, he has a belt hooked on 
the preceding end of the spot. At the present time I presume 
the junction would be on the whole south side of the spot. 

From 1879 to the present time, [ have never observed any 
actual connection of the spot with the belts in its proximity. 

In 1884, I stated that the spot was never “ merged into a 
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belt,” and might have added that it was always separated by a 
visible space. [ was under the impression that in this state- 
ment I had clearly intimated, that small telescopes did not pos- 
sess sufficient optical power to show the separation. In view 
of this fact it is rather refreshing to hear the owners of small 
telescopes assert that the Chicago telescope failed to show what 
was readily seen with the smaller ones. 

They might with equal propriety assert that the inner satel- 
lite of Uranus, or numerous double-stars do not exist, because 
they are unable to see them. 

In the study of planetary markings, light and separating 
power are just as essential as in double-star work. 

In the recent discussion on telescopes, the assertion was made 
again and again, that large apertures give too much light for 
planetary observation. 

My experience with various telescopes, having apertures of 
four inches and upwards, leads me to the contrary opinion that 
we do not have light enough, especially when high magnifying 
powers are used. [ have frequently reduced the aperture of 
the Chicago telescope, when observing Jupiter, and always 
found I could see more and better with the full aperture. 

Some recent writers appear to be under the impression that a 
6 to 10-inch object glass is the best telescope. Possibly this idea 
was correct half a century ago, but it is not true now. There 
has been just as much improvement, in recent years, in the 
optical performance of telescopes as in any other department 
of instrumental astronomy. G. W. HOUGH. 


lite of Jupiter was observed in black transit here with the 6- 
inch on May 8th. It was first noticed as a black spot at 9h 
20m, Nashville m. tT. Some little time previous to this it had 
been looked for on the disc, but could not be seen either as a 
white or dark spot. 9h 25m IV still black and about in con- 
junction, small, seeing poor. 9h 32m still black and past con- 
junction. 9h 43m IV is very black and rather small and round 
when best seen. The satellite was not followed after this last 
observation. E. E. BARNARD. 
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Comets a AND b 1886 ( Brooxs).—-On the evening of April 
27, 1886, while sweeping the northern heavens with the 9-inch 
reflector,I discovered a nebulous object near the star Kuppa Cassi- 
opeia, which I immediately decided must be a comet. Only a 
short time was required to detect motion, which proved to be 
nearly southeast; and telegraphic announcement of the discov- 
ery was made to Dr. Swirt within two hours, who ordered it 
immediately cabled to Kurope. The comet is large, nearly 
round and with slight central condensation. 

Again, on the Saturday morning following, or May 1, while 


—) 


sweeping the eastern heavens, it was my privilege to discover 
another comet. It was situated in the great square of Pegasus, 
or in approximate R. A. 23 hours; declination north 21 degrees; 
with a northerly motion. 





BROOKS’ COMET NO. 2, 1888, TELESCOPIC VIEW (ERECTED) MAY 7th, 1836, 
POWER 100 DIAMETERS. 

It has a small, but bright star-like head, and a conspicuous 
tail, presenting a fine telescopic appearance. It very much re- 
sembles Donati’s great comet of 1858 when telescopic. I 
send herewith a drawing of its appearance on the morning of 
May 7, my latest observation. WILLIAM R. BROOKS. 

Rep House Opservatory, PHELps, N. Y., May 9, 1886. 
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Comet @ 1886 ( Brooks ).—The following elements and ephem- 
eris of Comet a, were computed by H. V. Easert, assistant at 
Dudley Observatory, and published in Science Observer, Nos. 67 
and 68: 
ELEMENTS. (Comet a 1886.) 
T = June 7.79, Greenwich M. T. 
z— Q = 199° 30’ 


Q = 193 35 Mean Equinox 1886.0 
i= 87 53 
q = 0.2849 Motion direct. 
These elements represent the places used, as follows: 
Jicos +0.'03 —0.'05 —0."05 
48 + .10 —0. 13 —0. 02 
EPHEMERIS. 
Greenwich 12 h. R. A. Dec. 

1886. hm 8 i Light. 
| A Pa MM stan onens <e Bo deca ee EE 6.6 
a ee, DU: Svacqacacewns + saan hs scans 4.7 
PONY. a55s.s saceeaee We cudosenceeno< — PMRGK ss 55050608 2.2 
ee ee seas ysis eee es TE PU iiak oe ceee 1.2 


Light on April 29 taken as unity. : 

This new comet was discovered by Professor Brooks, April 
28, in Cassiopeia. Mr. Barnarp, of Nashville, observed it the 
same day, finding it “gradually a very little brighter at the cen- 
ter” of the nebulosity, and, in general, having the usual ap- 
pearance of small telescopic comets. Its path has been south- 
east through Cassiopeia, and the 27th of May it will be among 
the small stars of Pegasus, about five degrees southeast of 3, if 
Mr. Eezerts ephemeris is followed. This is the day of its 
greatest brightness. The time of observation will be short be- 
cause of its unfavorable position. 

Corrections In 8. M. No. 45.—On page 157, of S. M. for 
May, in the Nashville mean time of the observations of 
the position angle of the tail of Fasry’s comet, for 4h, etc., 
read 16h, etc., which will make the astronomical mean time 
agree with the dates of the month as given in column first. I 
had inadvertently omitted to add 12h to the reading of my 
watch in the observations. E. E. BARNARD. 
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Comet } 1886 (Brooxs).—The elements and ephemeris of 
Comet b, as computed by Professor Frispy, Naval Observatory, 
Washington, D. C.: 

ELEMENTS. (Comet b, 1886.) 
T = May 4.540, Greenwich M. T. 


z—Q = 38° 45.’5 
Q = 287 57. 2> App. Equinox. 
*+=100 57. 4 
log. g = 9.92551. 
EPHEMERIS. 
Gr. Midnight. R. A. Dec. Log. 7. Log. A Light. 

hms ws 
May 30..... kL. 71 9.5......9.9866.....0.0905..... 49 
June $...... 440 GBe.66. 71 SLES. ....«: O00. .... 0.1193..... 40 
/ Seer 5 30 24. ..... 70 S61... ....Q004..... Gidw....- 32 
eee > | Se 69 15.0......0.0880.....0.1783..... .26 
|. eee CIOS. ..<.. 66 54.1......0.0557..... 0.2015..... 21 
| eee > ¢ See G6 285..... O07. ... O98B..... 17 
ye 2 2 62 58.9......0.0909.....0.2486..... .14 
| Beeee ie: 7. Se 60 49.5......0.1081..... 0.2704..... .12 
July 1... >.) SO 48. .....Q1RO.....G200..... okt 


eee 8 23 24....+57 23.6......0.1414.....0.3096..... 0.10 
Light May 2=1 


“On May 1, the comet as observed at Cambridge had a nu- 
cleus about as bright as an 84 mag. star with a tail from six 
to eight minutes of are in length.” 

The second new comet of this year, was also discovered by 
Mr. Brooxs May 1, in the constellation of Pegasus. May 2 
and the following morning it was seen by Mr. Barnarp who 
says, “it was a beautiful object, a perfect minature of a great 
comet. The head was very narrow and bright, and the tail was 
about one-fourth of a degree long and spread out towards the 
end. The comet’s motion was very rapid to the northeast.” 

Professor Boss, of Dudley Observatory, also computed the 
elements of the orbit of this comet which agree closely with 
those given above. This is noteworthy, because there are spe- 
cial difficulties in computing an orbit so related to the ecliptic. 


The comet will continue to grow fainter during this month. 
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o Cetrt AND 7 Cy@n1.—In confirmation of a note, relative to 
the latest maximum of o Ceti, by Mr. E. F. Sawyer (S. M. 
45, p. 156) I send you the following statement from a 
private letter of Prof. ScHomNFELD. “The star o Ceti was last 
winter hardly one and one-half or two steps brighter than in 
1868, and remained fainter than in 1867.” If we consider that 
the deviation between ARGELANDER'S elements of the maxima 
and the best observations may amount to twenty-five days, the 
close agreement of Mr. Sawyer’s observation with the epheme- 
ris is remarkable. 

The epoch of maximum of 7 Cygni, as given in ScHOEN- 
FELD'S II Catalogue, viz.: 0.311, has been suspected of being a 
misprint, especially as the I Catalogue puts the epoch on Aug- 
ust 25, 1863. However, Prof. SCHOENFELD informs me, that 
epoch in his II Catalogue means really 1800, March 11. In 
fact, his intention was to have the epoch near the middle of all 
the observations, not only for this star, but for all the rest, 
except o Ceti. I. G. H. 





THe Warner AstroNoMIcAL Prizes.—-It is a gratifying fact 
that very many astronomical discoveries, and some of great im- 
portance, have been made during the past few years. I think 
this is due in part to the impetus given by competition for the 
honors and prizes awarded to discoverers, and in order that 
this interest may to that extent be continued and sustained, I 
offer one hundred dollars for each and every discovery of 
a new comet made in any part of the world from March 1, 1886, 
to March 1, 1887, subject to the following conditions: 

1. It may be discovered either by the naked eye or telescope, 
but it must be unexpected, except as to the comet of 1815, 
which is expected to reappear this year or next. 

2. The discoverer, if residing in the United States, Canada 
or Mexico, must send a prepaid telegram immediately to Dr. 
Lewis Swirt, Director of Warner Observatory, Rochester, N. Y., 
giving the time of the discovery, the position and direction of 
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motion with sufficient exactness, if possible, to enable at least 
one other observer to find it, 

3. This intelligence must not be communicated to any other 
party or parties, either by letter, telegraph or otherwise, until 
such time as a telegraphic acknowledgement has been received by 
the discoverer from Dr. Swift. Great care should be observed 
regarding this condition, as it is essential to the proper trans- 
mission of the discovery, with the name of the discoverer, to 
the various parts of the world, which will be immediately made 
by Dr. Swirrt. 

Three disinterested scientists will be selected to settle any dis- 
pute that may arise regarding comet discoveries. H.H. WARNER. 

Rocuester, N. Y., March 1 1886. 





OBSERVATIONS OF BARNARD'S CoMET.— 

April 19 7:50 p. mM. Last sight of the comet in evening. 

April 22 4:20 4. mM. First sight in morning. 

May 3 3:30 a. M. Comet brighter, shows no tail, no stellar 
nucleus. 

May 5 3:30 4. mM. Looks like another comet, nucleus stellar, 
equals 5.5 mag., with tail one degree long and slightly concave 
on the preceding side. 

May 9 3:45 a. M. Comet has larger nucleus as if a dise 5 
magnitude; can just be seen with the naked eye; tail two de- 
grees long, and slightly concave on the preceding side. 

May 11. Not so brilliant at nucleus; tail traceable only one 
degree; very little curved. J. R. He 


OBSERVATIONS OF FaBry’s ComET.— 

1886 April 1 4 A. M. (75°M. T.). Clear after a week of clouds. 
Comet Fabry is very bright; has a tail one degree long, is straight 
and brighter along the preceding edge. Just visible to the naked 
eye. Its color very white. 

April 2 4 4.M. Nucleus probably brighter, and certainly 
seen by the naked eye. Tail one and one-half degrees long, with 
preceding edge best diffused. 
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April 8 4:10 4. M. Tail generally broader and seems to taper 
toward the end; preceding edge clearly defined. Color less 
white than April 1. 

April 22 4 4. M. Comet still has steliar nucleus equal to 5 
magnitude; tail broad and traceable thirty minutes. Consider- 
able coma, apparently increased in amount towards the Sun. 
Similar appearance seen April 20. J. R. H. 





Comet Barnarp.—To observers in northern latitudes, as 
predicted last month, the comets Fabry and Barnard have not 
been as conspicuous objects as the computers promised. Their 
apparent paths were near that of the Swn, and their height 
above the horizon at night unfavorably small. 

Under date of May 13, Mr. Barnarp writes of his comet as 
follows: 

The comet discovered here on December 3, 1885, has been an 
interesting object in the early mornings of late. On May 8th 
(A. M.) it could be seen as a hazy ill-defined spot with the naked 
eye. Unfortunately the comet in the morning has been just 
over the smoky city and consequently has always been seen at 
a disadvantage; a nucleus shone in the head, but it was not stel- 
lar, the image unsteady however, which may have caused the ill- 
defined appearance. The tail was long and bright, stretching 
for a considerable distance out of the field of view; it was 
brighter along the following side, and broader than at former 
observations. 

May 13 (4. M.) The comet seen through heavy smoke over 
city; it was dimly visible to the unaided eye, the very low alti- 
tude and the thickness of the sky prevented any good observa- 
tion of it. In the 6-inch the comet was bright and a bright 
hazy nucleus was visible in the head. The tail was broader 
than formerly. 


MEASURED POSITION ANGLES OF THE COMET’S TAIL. 


May 7....Nashville M. T. 154 32.m9....P. A. of Tail 317.°66....3 obs. 
ae.” Ree . SES a, Nace ener ae, 
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Comet BarRNARD (@) 1885.-—-The remarks of Prof. Swirt 
and of Mr. LEAVENWoRTH lead me to give my last observations 
of this comet. 

August 28, with Mr. Ea@sert’s ephemeris I picked up the 
comet which was seen with some difficulty in the 6-inch. It 
was close south preceding a 9th-magnitude star. 

August 31 positive of seeing it, but very faint, it was 8’ or 
10’ north preceding a 10th mag. star. Seeing not specially 
good. After this date poor skies prevented further search for 
the comet. 

Comet Barnard 1884. My last observations of this comet 
were 1884, November 5, 6, 7, 8, 9, 10, 11 and I feel sure that it 
could have been followed longer had good skies continued. It 
was very faint in the five inch on these dates. _E. E. BARNARD. 

VANDERBILT Untversity, April 5, 1886. 


The following orders and subscriptions have not been previously 
acknowledged :— 

Normal School, Ypsilanti, Mich. Jennie Leys, Los Angelos, California. 
John L. Bennett, Galena, Ills. (Vol. 4). Professor Charles A. Bacon, 
Director Smith Observatory, Beloit College, Wis. Professor T. C. 
George, Natural Sciences, University of the Pacific, San Jose, Cal. 
Librarian of Baldwin University and German Wallace College, Berea, 
Ohio. Jas. S, Lawson, U. S. C. and G. Survey, Box 2512, San Francisco. 


The Star-Guide: A List of the Most Remarkable Celestial Ob- 
jects Visible with Small Telescopes, with their Positions for 
Every Tenth Day in the Year, and Other Astronomical In- 
formation. By Latimer Ciark, F. R. A. 8. and Herpert 
Sap er, F. R. A. S. Publishers, Messrs. MacMitian & Co., 
London, 1886, pp. 50. 

Those students of astronomy who are acquainted with “ WEss’s 
Celestial Objects for Common Telescopes,” will easily under- 
stand the purpose of this small book. It may be considered an 
introduction to such a work as that before named for amateurs 
having telescopes with apertures ranging from two to four 
inches. 
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When the student begins to observe, he does not know, if 
illustrated, what objects to select that are best suited to the size 
of his teleseope that. he may use his time and instrument most 
wisely. He ought neither to try difficult double-stars or faint 
nebule without experience, knowledge of the instrument used 
and self-confidence. This little book is intended as a self-help 
to aid the amateur in making a right start, and to guide him by 
the readiest path to independent work. It seems to us quite 
certain that a student with a small telescope and any interest in 
the multitude of beautiful objects of the nightly skies would 
not be long in awakening a quenchless ardor with such proper 
guidance early. 

Following an introduction of ten pages, appears the list of 
most remarkable objects selected for amateur study. Under 
each month of the year are arranged about fifty objects in the 
order of right ascension, the first column giving the star’s name; 
the second, the months limiting the time visible; next two, 
right ascension and declination; the next four, respectively, the 
mean time of transit at Greenwich on Ist, 11th, 21st, 28th 
days of the month; the next two, distance and position angle 
of double-stars; the next magnitudes; and the last column is 
for remarks. Arranged in a similar manner is a small table of 
circumpolar stars; atable of objects suitable for telescopes from 
four to seven inches aperture, numbering two hundred; and a 
table of twenty-four radiants of shooting stars. “Then follows 
an interesting series of tables of test objects, containing from 
six to twelve each that are grouped for dividing tests, defining 
tests and space penetrating tests, in separate tables for telescopes 
of 2, 34, 3, 34, 4, 5, 6 and 7-inches aperture respectively. The 
next table gives the selenographical latitude and longitude of 
two hundred and twenty lunar craters and other objects, with 
the names of each arranged in alphabetical order, and references 
to Wess’s lunar map, by number and quadrant. 

From what has been said of the contents of the “Star Guide” 
it will evidently commend itself to the attention of all ama- 
teurs as a very useful hand book and a time-saving aid in many 
obvious ways. 
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ASTONISHING 


That not one teacher in — either 
understands or can readily explain : 
Change of Season and Causes, 
Tropics and Signification. 
Zones and Origin. 

Phenomenon of Midnight Sun. 
Phazes of Moon. 

Twilight Belt. 

Tides and Eclipses. 


De ky 


ANDREWS’ TELLURIAN 


( SEE CUT ) 
Shows all these points clearly by Object Teaching. 


In fact, this apparatus is a revelation to Teachers. 


The Triumph School Desk 


Dovetailed and Doweled together, takes 





sn Ooogron - 


> 7 


the Lead of all. 





7 y ar as a 


SIXTY KINDS OF CLOBES. ALL SIZES. 


40 kinds of Blackboards, including Liquid Slating and the celebrated 











Which is put on as a black mortar, better than Stone Slate, and costing 
say one-fifth as much. 


THE DUSTLESS ERASER 


Takes the lead by all odds, in du- 
rability, beauty and comfort Ten 
sold to one of any other kind. 





Crayons, Maps, Charts. Geometric Forms and Solids. Etc. Send for circulars to 


A. H. ANDREWS & CO., 


195 Wabash Avenue, Chicago. 





R.S.ALUBAN, 
MANUFACTURER OF REFRACTING 


ASTRONOMD'L 


of all sizes. Alt. Azimuth or ikea sei. 
Objectives, Eye-pieces, Prisms and Accessories 


Manufactured and Furnished at short notice. 
NO. 136 WESTMINSTER STREET, PROVIDENCE, R. I. 








$1.00 WORTH OF GARDEN SEEDS FREE. 


A good many people make gardens, and those who do so should try 
Northern Grown Seeds this year, They produce more vigorous and ear- 
Mer plants, as has been prov ed again and again by experiment. The pub- 
lishers of the Honsekeeper (price $1.00 a year) give $1.00 worth of garden 
or flower seeds, your own selection, as a premium to every subscriber for 
one year, thus giving $2.00 for $1.00. Send for specimen copy and par- 
ticulars as to offer to Buckeye Pub. Co., Minneapolis, Minn. 
FLOWER SEEDS FREE. 

The publishers of the Housekeeper are anxious to secure a larger num- 
ber of three month’s trial subscribers and offer to mail, postpaid, to any 
lady who sends twenty-five cents for a trial subscription three months, 
twelve packets of American grown choice flower seeds. For specimen 


copy of this charming home paper, and full particulars as to offer, ad- 
dress Buckeye Pub. Co., Minneapolis, Minn. 


CARLETON COLLEGE, 


NORTHFIELD, MI NN. 








FULL PREPAR ATORY AND COLLEGIATE DEPARTMEN TS. 
ENGLISH, SCIENTIFIC, LITERARY and MUSICAL COURSES. 
ALL DEPARTMENTS OPEN TO STUDENTS OF EITHER SEX. 
EXPENSES VERY LOW. 

The central office of the State Weather Service is located at North- 
field and under the direction of Carleton College, affording.special 
advantages for the study of Meteorology, and the Signal Service of the 
Government. 

CALENDAR. 
Spring Term begins Wednesday, March 31, and ends June 17, 1886. 
Examinations to enter College, June 12 and 14. and Sept. 7, 1886. 
Term Examinations, June 15 and 16, 1886. 
Anniversary Exercises, June 14-17, 1886. 
Exhibition at Art Room of work of Pupils in Drawing and Painting, 

June 14-17, 1885. 
Wednesday, September 9, 1886, Fall Term begins. 
For further information address 
JAMES W. STRONG, Pres. Northfield, Minn. 

















FAUTEH & CO. 
ASTRONOMICAL WORKS, 


WASHINGTON, D. C. 





























TRANSIT CIRCLE.—4 inch objective. 16 inch cirles: 


EQUATORIALS, TRANSITS, MERIDIAN CIRCLES, 
ASTRONOMICAL CLOCKS, with Break-Circuit Arrangement, 


CHRONOGRAPHS 


Level Vials reading to single seconds; Eyepieces of all kinds, Micro- 
nometers, Spectroscopes, and Astronomical outfit of every kind, Also 
all kinds of instruments for higher Geodesy and Engineering purposes. 


gea.SEND FOR NEW CATALOGUE“@& 








WARNER & SWASEY, 


MANUFACTURERS OF 


Observatory Outfits. 


~ 








‘SH IWTOCLE ATMOLVAAHSAO 


Transit Instruments,Chronographs,&e 
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6-INCH EQUATORIAL. 
EQUATORIAL THELESCOPSES, 


From 6-inch aperture to the largest size. 


WARNER & SWASEY, Cleveland, Ohio, U. S. A. 
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